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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Rubber, vulcanized or thermoplastic — Determination of
tension set under constant elongation, and of tension set,

elo

ngation and creep under constant tensile load

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its

use. Itis the responsibility of the user to establish appropriate safety and health prac
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NING 2 — Certain procedures specified in this document might involve thejuse o
bstances, or the generation of waste, that could constitute a local environme
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ISO 188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

ISO 8013, Rubber, vulcanized — Determination of creep in compression or shear

[SO 18899:2013, Rubber — Guide to the calibration of test equipment

[SO 23529:2016, Rubber — General procedures for preparing and conditioning test pieces for physical
test methods
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8013 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

31

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

tension set at constant load

elongation r
load during ¢

3.2

tension set ¢
elongation r¢
elongation d

3.3
creep
increaseine

of the elongaltion at the beginning of that time

4 Apparg

4.1 Const

4.1.1 Straining device, consisting of a metal rod“or other suitable guide fitted with pairs of ho

one fixed an
tightening cl
flat pulleys o

If so desired

Malmning im a test piece 1N the untoaded condition after it ias been subjected to a co
specified time, expressed as a percentage of the original length in the unloaded gon

it constant elongation
bmaining in a test piece in the relaxed condition after it has been subjected to a cof
iring a specified time, expressed as a percentage of the elongation

ongation of a test piece at constant load during a specified.tirhe, expressed as a perce

jtus

ant-elongation measurements

d one moveable, for the ends of the;test piece. The holders shall be in the form o
mps for strip test pieces, in the form of jaws to hold tab (enlarged) ends, and in the fa
f about 5 mm width and 10 mm diameter for ring test pieces.

a means of operating the(moving holder other than by hand may be provided, for ex

athreadedr

straining of fhe test piece.

The straining device shall béZSo designed that, when used at high temperatures in an oven, it ¢
placed with the reference’léngth of the test piece perpendicular to the direction of the air flow. If
also be of minimum mass-in order to avoid excessive lag in the attainment of temperature equilil
after its intr¢ductionjinto the oven.

A multiple-uhitstraining device may be used, provided that the foregoing requirements are met.

d. Suitable stops or graduations may also be provided to avoid over-extension in the

stant
lition

Istant

ntage

Iders,
f self-
rm of

hmple
nitial

an be
shall
brium

4.1.2 Oven, conforming to the requirements of ISO 188 (if the test is to be carried out at a temperature
above the standard laboratory temperature). For short heating times, controlled air flow is not necessary.

4.1.3 Length-measuring device, capable of measuring the reference length of the test piece to the
nearest 0,1 mm.

For strip test pieces, a marker shall be provided to mark the length used as the reference length.

For ring test pieces, the reference length may be the inner diameter of the ring, in which case a
graduated cone allowing measurements to be made to the nearest 0,1 mm shall be used. Alternatively, if
measurements are to be made on a straight reference length, a rigid channel, 3,5 mm deep and 20 mm wide
for large ring test pieces and 1,75 mm deep and 10 mm wide for small ring test pieces, shall be provided
for straightening portions of such test pieces during marking and measuring of the reference length.
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4.2 Constant-load measurements

4.2.1 Straining device, comprising clamps and weights, or equivalent, for loading the test pieces

(see Figure 1).
y

/1

3
4
Key
1 fikedclamp
2 testpiece
3 clamp for holding weight
4  weight

Figure 1 — Straining device

4.2.2 Thickness- and width-measuring device, comprising a gauge for measuring the thickness and,
where appropriate, the width of the test piece in accordance with ISO 23529:2016, method A.

The width of die-cut test pieces shall be taken as the distance between the cutting edges of the die
in the narrow part, in which case a device capable of measuring the width to the nearest 0,05 mm in
accordance with ISO 23529 shall be provided.

© IS0 2019 - All rights reserved 3
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4.2.3 Length-measuring device, capable of measuring the reference length to the nearest 0,1 mm.

5 Calibration

The test apparatus shall be calibrated in accordance with the schedule given in Annex A.

6 Test pieces

6.1 Preparation

Test pieces hall be prepared in accordance with ISO 23529. They shall be cut from flat|sheet
2 mm # 0,2 mm thick (except large ring test pieces, which shall be cut from sheet 4 mm * 0,2-mm fhick)
prepared by moulding or slitting and buffing in accordance with ISO 23529.

Strip test pigces and strip test pieces with enlarged ends shall be cut using a sharp die with a cufgter as
specified in SO 23529.

Ring test pieges shall be cut from sheet by means of a pair of concentric circulaxdies or rotating cytters.
The separatipn of the two cutting edges shall not differ from the average value by more than 0,05[mm.

6.2 Test plieces for testing under constant elongation

6.2.1 Strip test pieces
Strip test pieces shall be between 2 mm and 10 mm wide. Awidth of 6 mm is preferred.

The length of any given strip depends on the selected reference length and the type of straining device.

6.2.2  Strip test pieces with enlarged ends

Test pieces with enlarged ends shall be as shown in Figure 2, with a narrow section of length befween
25 mm and 50 mm which shall be used asithe reference length.

Dimensions in millignetres

50
6,5 25 % 6,5

124

m ' |

A

e I 'il

] | |

| |
X
o & o

Ne) =) N
2 +l Ne)
o R

Thickness 2 mm + 0,2 mm

Figure 2 — Test piece with enlarged ends
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6.2.3 Ring test pieces

Ring test pieces shall be of one of the following sizes:
Large ring test piece:

— thickness: 4 mm + 0,2 mm;

— outer diameter: 52,6 mm * 0,2 mm;

— inner diameter: 44,6 mm + 0,2 mm.

Small ring test pinrn-
— t]\ickness: 2mm* 0,2 mm;
— oputer diameter: 33,5 mm + 0,2 mm;

— ipner diameter: 29,5 mm + 0,2 mm.

6.3 [Test pieces for testing under constant load

Test pieces shall have the shape and dimensions shown in Figure 3.

Dimensions|in millimetres

%152
" ~ 100 N
B 90+0,5 N
|l 14 %S |
¥ ] : ot
I~ O - — = — — — —— _— p— S N et

! — N |
N [

- ~16 |~10 ‘/ T
I e 47 &

Thickiness 2 mm = 0,2 mm

Figure 3 — Test piece for constant loading

6.4 |Marking

6.4.1 — General

Reference marks shall be marked on the test pieces, using a suitable marker and an ink which does not
affect the material and withstands the temperature of test.

6.4.2 Tests at constant elongation

The reference length shall be between 25 mm and 50 mm, measured between the inner sides of the
marks. For strip test pieces, the preferred length is 50 mm. Ring test pieces shall be straightened by
means of a rigid channel (see 4.1.3) and the reference length, preferably 40 mm for large ring test pieces
and 25 mm for small ring test pieces, shall be marked on one of the straightened sides.

© IS0 2019 - All rights reserved 5
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6.4.3 Tests at constant load

Two reference marks shall be marked on the central part of the test piece ata distance of 90 mm + 0,5 mm
from each other.

6.5 Number of test pieces

For each test, a minimum of three test pieces shall be used. (For material with a calendering grain,
three test pieces shall be taken in each of two directions at right angles to each other.)

6.6 Time interval between forming and testing

The time int¢rval between forming and testing shall be in accordance with ISO 23529.

Samples and test pieces shall be protected from light as completely as possible during the in

between for

6.7 Condifioning

Prepared tes
one of the st
throughout 4

7 Proced
7.1 Testin

7.1.1 Mea

Measure the
laboratory te

7.1.2 Stre

Extend the t
by hand to e
centralized b

Between 10
reference len
reference len
measured to
appropriate

ing and testing.

t pieces shall be conditioned immediately before testing for a-minimum period of
andard laboratory temperatures defined in ISO 23529, the sante temperature being
ny one test or series of tests intended to be comparable.

ure
g under constant elongation

surement of the test pieces

unstrained reference length (LJ).6f each test piece to the nearest 0,1 mm at sta
mperature. Insert the test pieces in the straining device in the appropriate way.

rching the test pieces

est pieces to the requined strain. When testing ring test pieces, rotate the pulleys sl
qualize the strain, imthe two halves of the ring. Ensure that the reference length re
etween the two(pulleys.

min and 20{min after the specified strain has been reached, measure the sty
gth (L,)&0 the nearest 0,1 mm. When the inner diameter of ring test pieces is used
gth, itseanl be calculated from the diameter of the pulleys and the distance between
themearest 0,1 mm. If the strain, calculated as specified in 7Z.1.4.1, does not conform

rerval

B h at
used

hdard

ightly
mains

ained
hs the
them,
to the

standard value, taking into account tolerances, discard the test piece and prepare an|

d test

areplaceme

ttest pleCe with a modiried applied strain.

7.1.3 Exposure at the test temperature

7.1.3.1 Tests at standard laboratory temperature

Immediately following the end of the test period, release the strain, remove the test pieces from the

clamps or pulleys and lay them free on a flat non-sticky wooden surface. After (3O+(3)' ) min, measure the

reference length to the nearest 0,1 mm (Lg).
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7.1.3.2 Tests at temperatures other than standard laboratory temperature

Between 20 min and 30 min after the specified strain has been reached, place the strained test pieces in
an oven operating at the test temperature and leave them there for the specified period.

There are three methods of cooling the test pieces and releasing the strain, of which method A is
preferred.

Method A

At the end of the test period, remove the straining device from the oven, immediately release the strain,
remove the test pieces from the clamps or pulleys and lay them on a flat non-sticky wooden surface.

After (30+g’) min, measure the reference length to the nearest 0,1 mm.
Methpd B

At th¢ end of the test period, remove the straining device from the oven but leave the test|pieces in the
strairjed condition. After (30+g) min, release the strain, remove the test,piteces from the clamps or
pulleys and lay them on a flat non-sticky wooden surface. After a further (30+8’) min, [measure the
referg¢nce length to the nearest 0,1 mm.
Methpd C

At the end of the test period, release the strain with the\test pieces still in the oven held at the test

temperature. After (30+8’ ) min, remove the straining:device from the oven, remove the tesf pieces from

the clamps or pulleys and lay them on a flat non<sticky wooden surface. After a further (30+g) min,

measfire the reference length to the nearest:(,1 mm.
7.1.4| Test conditions

7.1.4]1 Strain

NOTE The rubber industry'uses the term equation for the relationships herein termed fornfula. The term
formulla is used to describe-the'table of ingredients in a rubber compound.

Calcujate the strain A, in %, using Formula (1):

A= (L, _Ll)leﬂ ®)

1

wher¢

L, isthe original, unstrained, reference length;
L, isthe strained reference length.
The strain shall be one of the following values:
15% +1,5%
20% 2%
25%+25%
50% 5%
75% +75%

© IS0 2019 - All rights reserved 7
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100% £ 10 %
200% 10 %
300 % +10 %

The strain values should be selected in accordance with the type of rubber (vulcanized or thermoplastic)
and with the final application. For vulcanized rubbers, it is recommended that elongations greater
than one third of the elongation at break at the test temperature should not be used. The strain value
of 100 % is the preferred one, unless the above considerations dictate otherwise. For thermoplastic
rubbers which give a yield point, only results calculated at strain values below the yield point are valid.
When possible, the value 20 % + 2 % is preferred for thermoplastic rubbers.

7.1.4.2 Test period

es shall normally be strained for a period of (24_2) h, (72_(2)) h or (168_8) h, the q

30 min after the strain has been applied. If a longer test period is required, it sh|
n those given in ISO 23529.

eriod
all be

The test pied

commencing
selected fron

7.1.4.3 Temperature of test

The temperaure of test shall be selected from those given in ISO 23529

If no temperature is specified in the relevant product specificatian,70 °C + 1 °C is recommended.

7.2 Testinlg under constant load

7.2.1 Gene¢ral

Measure the dth at

standard lab

length of the test piece between thefreference marks (L;), the thickness and the wi
pratory temperature.

ed on

Clamp the te
the original ¢

If, during tes

7.2.2 Elongation

30s +2saft

5t pieces into the straining deviece and load them to a stress of 2,5 MPa * 0,1 MPa, bas
ross-sectional area of the-test piece. The load shall be applied without shock.

ting, a stress of 2,5 MRa proves to be too large, a stress of 1,0 MPa may be used.

er loading the(test piece, measure the distance between the reference marks (L,).

7.2.3 Creeqp

60min+1m

ifrafter loading the test piece, measure the distance between the reference marks (L

7.2.4 Tension set

After the creep measurement, unload the test piece, remove it from the straining device and allow
it to rest on a flat non-sticky wooden surface for 10 min * 1 min. Measure the distance between the
reference marks again (L,).

8 Expression of results

8.1 General

Calculate the individual test results as shown in 8.2 or 8.3. In each case, calculate the mean value of the
results for the three test pieces. The individual values for the three test pieces shall be within 10 % of

8 © IS0 2019 - All rights reserved
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the mean value. If they are not, repeat the test using three further test pieces and report the median of
all six results in the test report.

NOTE The rubber industry uses the term equation for the relationships hereafter termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

8.2 Constant elongation

The tension set E, is given, in %, by Formula (2):

E4=100(Ls Ly )/(Ly —Ly) (2)

where¢

Ly isthe original, unstrained, reference length;
L} is the strained reference length;

Lt is the reference length after recovery.

8.3 |Constantload
The eJongation E; is given, in %, by Formula (3):

oy

L =100(L, —Lq)/ Ly (3)

The cfeep E, is given, in %, by Formula (4):

oy

b =100(L3 —Ly)/(Ly —Lq) “4)

The tension set Ej is given, in %, by Formula (5):

oy

wher¢

| is the reference length, in mm, before loading;
b is thedeference length, in mm, 30 s after loading;

L s the reference length, in mm, 60 min after loading;

n sl R

AN £ 1 £l 3 £ 1N 3 £ £.11 3 +1 £ of] thL
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9 Testreport
The test report shall include the following information:
a) details of sample and test pieces, i.e.:
1) afull description of the sample and its origin,
2) details of the compound and the curing conditions, if known,
3) thedirection, relative to the grain, in which the test pieces were cut,

4) the type of test piece used and its dimensions,

© IS0 2019 - All rights reserved 9
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5) the method of preparation of the test pieces, for example whether moulded, cut or extruded,
6) details of any test piece preparation, for example buffing, and
7) the number of test pieces tested;
b) afull reference to the test method used;
c) testdetails,i.e.
1) the duration and temperature of conditioning,

2) the stress or plnngnfinn npp]ipd

3) the dluration and temperature of the test,

4) the method of cooling/strain release used (method A, B or C) (applies to constant‘elongation
method only), and

5) detdils of any deviation from the standard procedure;

d) testresylts,i.e.

1) the ]nean or median values of the individual test results, and
2) theindividual results, if required;

e) the date|of the test.

10 © IS0 2019 - All rights reserved
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